The irreversible adsorption of single chains grafted with one end to the surface is studied using scaling arguments and computer simulations. We introduce a two-phase model, in which the chain is described by an adsorbate portion and a corona portion formed by nonadsorbed monomers. The adsorption process can be viewed as consisting of a main stage, during which monomers join by "zipping" ͑along their order in the chain͒ the surface, and a late stage, in which the remaining corona collapses on the surface. Based on our model we derive a scaling relation for the time of adsorption t͑M͒ as a function of the number M of adsorbed monomers; t͑M͒ follows a power law, M ␣ , with ␣ Ͼ 1. We find that ␣ is related to the Flory exponent by ␣ =1+. Using further scaling arguments we derive relations between the overall time of adsorption, the characteristic time of adsorption ͑given by the crossover time between the main and the last stage of adsorption͒, and the chain length. To support our analysis we perform Monte Carlo simulations using the bond fluctuation model. In particular, the sequence of adsorption events is very well reproduced by the simulations, and an analysis of the various density profiles supports our theoretical model. Especially the loop formation during adsorption clearly shows that the growth of the adsorbate is dominated by zipping. The simulations are also in almost quantitative agreement with our theoretical scaling analysis, showing that here the assumption of a linear relation between Monte Carlo steps and time is well obeyed. We conclude by also discussing the geometrical shape of the adsorbate.
I. INTRODUCTION
In polymer physics the behavior of polymer chains at interfaces and surfaces is of great importance and has attracted much attention. [1] [2] [3] Denoting by ⑀ the surface sticking energy per monomer, one distinguishes two situations: reversible adsorption ͑⑀ Ӎ kT͒ and irreversible adsorption ͑⑀ ӷ kT͒. While the reversible adsorption is rather well understood, there is considerably less knowledge about the irreversible adsorption due to the nonequilibrium nature of the process. On the other hand, strong adsorption plays an important role in the preparation of thin polymer films and in surface modification phenomena, see Refs. [4] [5] [6] . Also biopolymers such as DNA or proteins interact strongly with the substrate through hydrogen bonds.
Considering the nature of the bonding of the polymer chain to the surface, the ͑irreversible͒ adsorption can be classified as physisorption when the adsorbing energies have their origin in hydrogen bonding, in dipolar forces, or in the attraction between charged groups and as chemisorption when covalent bonds are formed between the polymer and the surface. 7 It has been argued by O'Shaughnessy and Vavylonis 7, 8 that chemisorption can be well understood by assuming that the chain conformations equilibrate between successive adsorption events. Therefore, the adsorption process can be considered as being quasistatic. On the contrary, strong physisorption involves true nonequilibrium states. Monte Carlo simulations have been used to study single chain physisorption by Shaffer. 9 It was found that the characteristic time of adsorption is related to the chain length N by a power law ͑scaling͒ relation ϳ N ␣ . In Ref. 9 , the dynamic exponent ␣ has been found to be around 1.6 for excluded volume chains and around 1.5 for ideal chains. Using a nonequilibrium force-balance argument, it was first suggested by Ponomarev et al. 10 that ␣ can be approximated by ␣ =1+, where denotes the Flory exponent.
According to O'Shaughnessy and Vavylonis, 7 one can distinguish two major scenarios for the irreversible adsorption of single chains. Starting from an anchored conformation, Fig. 1͑a͒ , the different ways in which the process evolves in time are depicted in Figs. 1͑b͒ and 1͑c͒. In the following we denote the first way ͓shown in Fig. 1͑b͔͒ as simple zipping. Here, the spontaneous formation of new adsorption spots is highly suppressed and the growth of the adsorbate by simple zipping ͑the sequential adsorption of a monomer next to the last adsorbed monomer͒ controls the kinetics. An alternative scenario is displayed in Fig. 1͑c͒ where the kinetics is controlled by a combination of sequential adsorption and of spontaneous nucleation of new adsorption spots. Following the notation in the literature 7 we denote this as accelerated zipping. In Fig. 1 we display as sketches the theoretical model; next to the sketches we present results from the Monte Carlo simulation runs to be discussed later. In previous works evidence has been obtained 9, 10 that strong physisorption is dominated by simple zipping kinetics. The formation of larger loops which would create new nucleation points far away from the last adsorbed monomer is very unlikely, see also Ref. 11 .
In this work we want to clarify the mechanism of strong physisorption. We propose a nonequilibrium model for the irreversible adsorption process. Using scaling arguments we calculate the dynamical exponent of the zipping process, the overall time of adsorption, and the characteristic time scale of adsorption. By means of Monte Carlo simulations, we test our model and the predicted scaling laws. By averaging over a large number of statistically independent chains, we analyze the density profiles, the formation of loops, and the growth of the adsorbed part. In particular, we find that zipping proceeds sublinearly in time, the rate of adsorption decreasing steadily.
The paper is structured as follows. In Sec. II we present a scaling model for the process of irreversible physisorption. In Sec. III we display and discuss the results of Monte Carlo simulations obtained by using the bond fluctuation model; we summarize our conclusions in Sec. IV.
II. TWO-PHASE MODEL FOR IRREVERSIBLE PHYSISORPTION
Generally, the process of irreversible adsorption of a single polymer chain can be formally subdivided into two stages, namely, into nucleation and into the growth of the adsorbate. Here, nucleation denotes the process by which new contact points of the chain with the surface are created. In the present case one nucleation site is always given by the anchor point of the chain. In general, for a given chain, nucleation can happen several times, always when a monomer which is not nearest neighbor to an already adsorbate region touches the surface. Nucleation leads to the overall acceleration of the adsorption process. An important dynamical step in irreversible physisorption is given by the simple zipping of monomers next to the last adsorbed unit. Here, we propose a model for the physisorption which is sketched in Fig. 2 .
Before the adsorption process starts, the chain is in a mushroomlike state, the monomer with index zero being grafted to the surface. Then, the rate of zipping of the first monomers is determined by the time needed by these monomers ͑which are located in the region of around a segment length around the grafting site͒ to touch the surface. Thus, the first zipping events are limited by the monomeric time scale of fluctuations. Within this time scale, the other monomers in the chain will not have time to adsorb and will remain in an equilibrium state. As the process goes on, the dragging in of the monomers becomes limited by the tension which builds up between the last adsorbed monomer and the nonadsorbed part of the chain. Thus, the chain can be viewed as consisting of two nonequilibrium phases: the adsorbate on one hand and the nonadsorbed phase on the other hand, which we call the corona. The two phases are connected by a stretched part which we call the stem and which is continuously growing in the course of the adsorption process. According to this model, the adsorption process is limited by the transport of monomers from the corona to the surface through the stem, a process which does not disturb the shape of the corona. Thus, a cooperative motion of many monomers is required to pull down the next monomer. Eventually, depending on the length of the chain, the corona will get to be small enough to be moved as a whole by the zipping process and will hence finally collapse on the surface.
Based on this idea, we can put forward a dynamic equation for the zipping process. Let us denote the number of monomers in the stem by N s . In order to drag the next monomer onto the surface the whole stem must move by one unit ⌬M, where M denotes the number of adsorbed monomers. Hence we write
Here, we assume that the friction constant is proportional to the stem length ͑and hence that is inversely proportional to its diffusion constant͒. Now, the stem extends into a region of around lN s ͑l being the statistical segment length͒, which was occupied at the beginning according to the conformational statistics of the mushroom. Given that N s is rather large we have
Here, we have assumed the usual excluded volume scaling for the mushroom state. We note already at this point that for not too large values of M, the exponent in Eq. ͑2͒ is expected to be larger than , since the monomers try to avoid the surface and stretch towards the bulk. With this equation we obtain after carrying out the integration in Eq. ͑1͒
where
The exponent ␣ is smaller than the Rouse exponent, given by 1+2. Note that this is a necessary condition for the consistency of our model. We will call the time region where this mechanism is dominating the main stage of the irreversible adsorption process. Our model implies that the formation of the stem progressively separates the corona from the surface and that due to it the nucleation of new adsorption spots becomes more and more improbable. This fact will be confirmed by the simulation results presented in Sec. III. Thus, the process by which the two nonequilibrium phases are formed is self-sustaining: If nucleation events take place at the beginning, they will be suppressed in the course of adsorption. We note that our arguments remain valid if more than one stem connects the adsorbate with the corona: We only have to assume that such events are rare enough not to interfere with the time scale derived from the two-phase model, see below.
At later times, the corona fluctuations become comparable with the time scale which corresponds to the dragging of a monomer unit ͑via the stem͒ onto the surface. Then, pulling the full corona is faster than increasing the length of the stem. This happens for
where N c denotes the number of monomers in the corona and we have used Flory's relation. Note that at this stage the rate of adsorption should be constant. Furthermore, the value of N s is clearly limited by the radius of gyration of the chain, i.e., one has N s Ͻ N . The exponent in Eq. ͑5͒ indicates that ͑provided that the chain is long enough͒ the late adsorption stage is short compared with the main stage. Thus, we can assume that the overall adsorption time ϱ is controlled by the crossover time between the two stages which results from Eq. ͑3͒ for M ϳ N. Hence, we can write
Since our model predicts an overall adsorption time which is much faster than the overall relaxation time ͑Rouse time͒ of the chain, the formation of additional adsorption sites becomes increasingly unlikely. In fact, the transport through the stem consumes the monomers next to the surface in their natural order along the chain; monomers with a high index can only reach the surface if they were close to it already at the beginning of the adsorption process.
III. SIMULATION RESULTS AND DISCUSSION
In order to test our theoretical predictions and to analyze the irreversible adsorption process in more detail, we perform numerical simulations using the three dimensional ͑3D͒ bond fluctuation model ͑BFM͒. 12 Since physisorption is very fast and the kinetics of adsorption plays an important role in it, the dynamics is realized by local moves only. Now, there are works which report that dynamic Monte Carlo simulations might fail if the transition probabilities are not chosen properly, see Refs. 13 and 14. However, in many circumstances BFM was shown to reproduce quite well the universal static and dynamic behavior of polymers, both in dilute solutions in good solvents ͑in the absence of hydrodynamic interactions͒ and also in concentrated solutions. 15 For a recent comparison between the BFM and dynamic selfconsistent field calculations, see also Ref. 16 . Here, our first aim is to follow the adsorption process numerically in order to substantiate the model proposed by us. As it will turn out in the following, however, our BFM results are in very good agreement with the scaling relations Eqs. ͑3͒-͑7͒. We will infer that for the problem discussed here, the BFM performs quite well.
For details of the BFM model for single chain adsorption, we refer to our previous work. 17, 18 Here, we give only a brief account of its implementation for irreversible adsorption. As simulation volume we use a 100ϫ 100ϫ 100 lattice; we implement periodic boundary conditions in the x and y directions and reflecting walls in the z direction. The volume is big enough to accommodate the chain conformations in the nonadsorbed as well as in the adsorbed state. One end of the chain is anchored at the origin, ͑x , y , z͒ = ͑0,0,0͒. For the length of the chain N ͑number of monomers͒ we consider values between 20 and 200.
The monomer-surface interaction is modeled by an attractive, short-ranged potential ⑀, acting only at a distance of one lattice unit from the surface. An adsorbed monomer ͑at z =0͒ is then taken to be in an infinitely deep potential trap ͑⑀ = ϱ͒: therefore it can move neither away from the surface nor along the adsorbing plane. This corresponds to strong physisorption onto an atomically rough substrate.
We start the simulations by letting the tethered chain equilibrate for ⑀ = 0, i.e., in the absence of any surface attraction. Depending on N, this requires several hundred thousand Monte Carlo steps ͑MCSs͒. One MCS corresponds to one attempted move per monomer in average. After letting the chains equilibrate we switch on the irreversible surface attraction ͑⑀ = ϱ͒ and start monitoring the adsorption events.
A. Shapes of the tethered chain during adsorption
To support our model and the geometric sketches of Figs. 1͑b͒ and 2 we present in Figs. 3 and 4 a cut through the 3D density distribution for chains of length N = 100 at various stages of the adsorption process. The cut is defined by the plane y = 0 which contains the anchor point. In Figs. 3 and 4 the z axis points towards the left ͑the surface is on the right and the corona is on the left side͒. We display in Fig. 3 snapshots from the main stage of adsorption and in Fig. 4 from the late adsorption stage. At each s considered, s being the number of MCSs, the density is averaged over 20 000 independent realizations. In Fig. 3 we show the density starting from s = 0 in steps of 2000 MCSs ͑from top left to bottom right͒. We observe that monomers are adsorbed from the interior of the corona without disturbing its shape. In the late adsorption stage the corona collapses as a whole, as can be seen in Fig. 4 . Here, the density is displayed for s = 20 000 MCSs, s = 30 000 MCSs, and s = 50 000 MCSs ͑from left to right͒. We conclude from Figs. 3 and 4 that the simulations agree with our model from Figs. 1͑b͒ and 2 , namely, that we have two phases: the corona and the adsorbate.
Further evidence for the nonequilibrium two-phase model can be obtained from a one dimensional density plot, in which the mean number of monomers located in the layer at distance z from the surface is plotted against z. The corresponding data are displayed in Fig. 5 for N = 100 at various s values. Before adsorption starts, this profile reflects the equilibrium conformations of a grafted polymer with a maximum far from the surface. We call this maximum the corona peak. When adsorption starts, a second ͑adsorption͒ peak rapidly develops at the surface. We observe a shift of the corona as adsorption evolves, in the direction opposite to the attracting wall. This corresponds to a process by which the corona does not follow the adsorption process but gets emptied ͑from below͒ through the stem.
B. Loop formation
We turn now to the analysis of the possible appearance of big loops, which would lead to the creation of new nucleation centers as shown in Fig. 1͑c͒ . For this purpose we now compute the evolution of loops during the process. During the simulation run we count the number of loops of a certain length L at different MCSs. By loops of length L we mean that between two adsorbed monomers there are exactly L nonadsorbed monomers. An average over 20 000 different realizations is taken. This procedure is repeated for different values of N. The evolution of the mean number of loops ͑divided by N͒ is then plotted in Fig. 6 for different L values. 
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In Fig. 6͑a͒ we display the evolution of large loops containing L = N / 2 monomers; we note that their number is small and that it rapidly decreases during adsorption. This fact supports our assumption of simple zipping used in the scaling analysis leading to Eqs. ͑1͒-͑7͒, since big loops are related to the spontaneous nucleation of new adsorption spots, a situation which gets less and less likely as the process develops. We conclude that the simulations nicely support the basic features of our model, showing that indeed the dynamics of physisorption is mainly due to simple zipping, see Fig. 1͑b͒ . Here, we also discuss how the mean number of small loops develops during adsorption. Figure 6͑b͒ displays the number of loops with length L Ͼ 4, a number which also decreases rapidly during physisorption. The crossover to a stable plateau of the loop fraction takes place when going to L Ͼ 3, as displayed in Fig. 6͑c͒ . As the process evolves the number of short loops increases, an increase which is nonmonotonic. At the beginning, many of these loops form and disappear, but then as physisorption continues short loops become persistent. We note the presence of a finite fraction of nonadsorbed ͑frustrated͒ monomers due to the existence of small loops over adsorbed trains of monomers. 9 Finally we consider in Fig. 6͑d͒ loops with L Ͼ 2. The number of these loops is continuously increasing during adsorption until reaching a plateau.
C. Mechanism of adsorption
Having demonstrated that physisorption is controlled by simple zipping, we now investigate it quantitatively. In Fig. 7 we display the mean number of MCSs needed for a group of monomers k to adsorb. Let this quantity be s ads ͑k͒. In order to account for the formation of small loops of one and two monomers, we consider groups of three monomers, k being the index denoting the position of the group counted from the tethered monomer along the contour of the chain. The first adsorption event for the given group is counted.
The plot of s ads as a function of k can be approximated by a power law with an exponent larger than unity. Hence s ads is not linearly proportional to k. A best fit yields s ads ϳ k 1.6 , which compares very well with the predicted exponent of Eq. ͑3͒, given that from Eq. ͑4͒ ␣ =1+ 1.6.
Complementing to Fig. 7 , we display in Fig. 8 the average number of adsorbed monomers as a function of s. From it we note again that the main stage process does not depend on N. The plots can be subdivided into three regions: In the small s region, 50-100 MCSs, one sees the adsorption of the first monomers. For s above 100 MCSs a power law behavior develops, which is complementary to the one observed in Fig. 7 and which is again in fair agreement with our predicted exponent of 1 / ͑1+͒, obtained by rewriting Eqs. ͑3͒ and ͑4͒ as M = t 1/͑1+͒ . The best fit through the simulation points in this region gives an exponent of 0.62, in very good agreement with 1 / ͑1 + 0.6͒ 0.62. In the last stage of adsorption the curves reach a plateau, since only a finite number of monomers adsorbs. FIG. 6 . Mean number of loops vs s for various sets of loops. ͑a͒ Loops containing N / 2 monomers, ͑b͒ loops containing more than four monomers, ͑c͒ loops containing more than three monomers, and ͑d͒ loops containing more than two monomers. The symbols represent simulation results with N between 40 and 160 given in ͑a͒.
FIG. 7. Plot of s ads vs k.
To account for small loops formed during adsorption, we consider groups of three monomers each. k represents the index of the group's position along the chain. The first adsorption event in each group is counted.
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D. Last adsorption event and scaling
We focus now on the last adsorption event and denote by ϱ the mean value of s at which this happens. We estimate ϱ from an average over 20 000 independent realizations and for chain length between N = 20 and N = 200. In Fig. 9 we display in a double logarithmic plot ϱ as a function of N. The figure suggests a power law relation between ϱ and N, namely,
where we have introduced the dynamical exponent ␣ 1 . From Fig. 9 we obtain ␣ 1 Ӎ 1.66. This relation compares well with the prediction of Eq. ͑6͒, where ␣ Ӎ 1 + 0.6= 1.6. From this we infer that, roughly, ϱ ϳ ϱ , which may be taken to imply that time and number of MCSs s are linearly related to each other.
Here it is appropriate to discuss the relation between time and MCS. Evidently, in ideal fashion, the two should be linearly related. The fact that sometimes MC procedures were found not to behave in this way 13, 14, 19 prompts us to consider why in our case the BFM appears to work well. We think that this is due to the fact that the restrictions to local moves in the BFM ensure that the diffusional motion of segments is well reproduced in the simulations; the random attempts to move a monomer correspond to random forces acting on an overdamped particle. Generally, the MC dynamics might fail in the presence of strong dynamic correlations between monomers. Such is the case for strong external fields, when collective moves in the direction of the field dominate the dynamics. 20, 21 We have also found ͑by an additional analysis͒ that no strong forces act in our simulations between successive monomers along the chain. Finally, we note that our simulations are carried out under athermal conditions, a fact which excludes possible dynamical artifacts, as have been reported in low temperature simulations.
13

E. Crossover region
We return now to the discussion of Figs. 7 and 8. Figure  7 shows that s ads ͑k͒ is independent of N over a wide range, for about 0 Ͻ k Ӎ N / 2. After reaching a characteristic value for the number of steps, ͑N͒, value which depends on N, scaling breaks down and the simulation points do not follow a master curve anymore. As a technical remark, we note that averaging over s naturally ignores very large s, i.e., frustrated monomers. Therefore, the last part of such plots indicates simply that adsorption finishes after a finite number of steps: All monomers which are not hindered to adsorb will eventually get adsorbed; this also explains why the curve has a decreasing slope for large k. The splitting of the curves in Fig. 8 allows us, in principle, to read off the crossover value directly. However, can now be related to the s range analyzed in previous work. 9, 10 In Fig. 10 we display the relaxation function q͑s͒ of the nonadsorbed part, which is given by
where M͑s͒ is the number of adsorbed monomers at step s , M͑0͒ is the number of adsorbed monomers at s = 0, and M p is the plateau value of the adsorbed monomers at the end of the process. Here, we can see that the subexponential behavior ͑power law͒ at the main stage crosses over into a rapid drop at the late stage. The semilogarithmic plot suggests an exponential behavior between the two regions, see the indicated slope in Fig. 10 . Using the best exponential fit in the crossover region of q͑s͒, we obtain an s range which agrees with the values which one can read off from the 
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splitting of the curves in Fig. 8 . The result is also plotted in Fig. 9 and may be compared to ϱ . This plot also supports Eq. ͑7͒ and shows that the terminal time and the crossover time differ by a factor of about 1.8.
The coincidence between the and the exponential fit can be explained as follows: Let us assume that the main stage ͑which is limited by ͒ results in a value of q 1 = q͑͒. In the s interval of crossover, adsorption takes place at a nearly constant rate q 1 / . Thus, we have quite approximately
We emphasize that in our model we do not necessarily expect to find a region where the rate of adsorption is controlled by the fraction of nonadsorbed monomers, i.e., where the relation q =−q / is valid. Therefore, the exponential behavior of Eq. ͑10͒ is only an approximation and does not have a physical basis. In fact strong deviations from an exponential behavior have been already noticed by Shaffer. 
F. Geometric properties of the adsorbed phase
To obtain more information about the way in which the adsorbate develops in the adsorbing plane, we consider the mean square radius of gyration R g 2 ͑s͒ of the adsorbed monomers at s MCSs versus the number of adsorbed monomers M͑s͒. The result is presented in Fig. 11 in a log-log plot for various values of N, where R g 2 is defined through
͑11͒
Here, x i ͑s͒ and y i ͑s͒ are the components of the position of the ith adsorbed monomer on the surface at s MCSs and X͑s͒ and Y͑s͒ are the components of the center of mass of the adsorbate at s MCSs given by
͑13͒
A close inspection of the curves reveals that the function R g 2 ͑M͒ displays three distinct regions. Let us introduce the effective exponent ads ͑which characterizes the geometry of the frozen-in adsorbate͒ through
For small values of M ͑in the early stage of adsorption͒ the slope of R g 2 ͑M͒ is larger than unity and is related to the random placement of the first monomers during the formation of the stem. During this stage, the first monomers to attach to the surface are those which at the beginning were adjacent to the surface. However, it does not make much sense to attribute a definite power law behavior to this region, which, anyhow, involves only a few adsorbed monomers.
The second region is the result of adsorption during the main stage process. The effective exponent 2 ads Ӎ 0.6 represents an object with a fractal dimension of about d f =1/ ads Ӎ 3.3. Clearly, such a supercompact behavior cannot be realized by a dense two dimensional ͑2D͒ object. In order to understand this result, we recall the fact that the corona is not much affected by the main stage adsorption. Therefore, the center of mass of the corona does not follow the diffusive motion which the adsorbed monomers have to carry out in order to occupy the surface. As a result, this motion experiences a back driving force towards the center of the adsorbate ͑origin of the diffusion process͒, which results in the compactification of the adsorption layer.
Eventually, the monomers find no more free places of adsorption on the surface and must develop a random ͑dense͒ walk on larger scales. This can be seen in the third region where the slope is approaching unity. Note that in this region longer loops are necessary in order to bridge between the already adsorbed monomers.
In Fig. 12 ͓extracted from Fig. 6͑c͔͒ we notice that the number of loops which are longer than three units starts to increase after about 30 000 MCSs. This corresponds to 
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IV. CONCLUSIONS
In this work we have presented a nonequilibrium twophase model for the strong physisorption of single tethered chains with excluded volume interactions. Here, the adsorbate is connected to the nonadsorbed monomers ͑corona͒ by a stretched part ͑stem͒. The stem is growing during the main stage of adsorption, a fact which leads to the decay of the rate of adsorption ͑all monomers of the stem have to be moved cooperatively to render it possible for further monomers to adsorb onto the substrate͒. We have given a scaling argument for this process. The dynamic exponent which controls the scaling relation between the time of adsorption and the number of adsorbed monomers is ␣ =1+. The overall adsorption time and the crossover time are smaller than the Rouse time of the chain. In the main stage of adsorption the corona does not relax but gets successively emptied from below, by which the distance between the two nonequilibrium phases increases and further nucleation events are suppressed.
The model is supported by Monte Carlo simulations using the BFM. The shape of the two-phase model is supported by the evolution of the density distribution in 3D as well as in one dimension ͑1D͒ ͑density profile͒. The analysis of loop formation process supports the idea that adsorption is dominated by simple zipping and that the nucleation of additional adsorption spots is highly suppressed. Furthermore, the process of successive adsorption of monomers starting from the grafting point does not occur at a constant rate but is continuously slowing down until a certain crossover ͑N͒ is attained. We have shown, comparing the relations between ϱ and ϱ and between and , that a linear relation between time and MCS holds rather well.
It has to be noted that the exponents obtained for the two-phase model can only be valid for sufficiently long chains. The repulsive wall influences the chain's conformations, leading to a mushroomlike form. Here, chain parts close to the anchor point are slightly stretched. This leads to a larger effective dynamical exponent ␣, a tendency corroborated by our numerical results. In the case of adsorption of free chains ͑starting with the monomer which first touches the substrate͒, all of our arguments remain valid. In particular, the dynamical exponent ␣ should be closer to the theoretical result of 1 + , a fact which concurs with the previous work. 9 We found that the adsorbate formed in the process displays supercompact scaling over a wide range. This can be explained by the effect of the corona, which is almost immobilized during the main stage of the adsorption process. In late stages of the adsorption process, the formation of larger loops ͑three to four monomers͒ increases due to the need to bridge over densely adsorbed parts.
We note that our assumption that the stem is highly stretched while the corona is unperturbed may also be relaxed by considering a limited, perturbed zone in the corona as well as by allowing the stem conformations to fluctuate. According to our simulation results, however, such corrections do not seem to be essential for the understanding of the process.
